Supplementary Note 1. Illustration of our gMCSs methodology for predicting gene essentiality and conceptual comparison with existing approaches in the literature .
Supplementary Figure 1d shows the reconstructed network obtained following GIMME.
This method does predict the essential role of r 2 , that is, there are not alternative pathways to reach r 8 after knocking out r 2 . Nevertheless, GIMME is not able to explain the reason why r 2 is essential, since when the reconstruction is conducted, r 4 and r 5 are removed from the solution network and, therefore, this information is lost.
Note here that, in order to evaluate the performance of GIMME in the Results section of the main text, we implemented the algorithm presented in Becker et al. 4 . As done with our gMCS approach, we used the Gene Expression Barcode 3.0 (ref. 5 ) to obtain the set lowly expressed genes, L.
Extending MCSs at the gene level (gMCSs).
In contrast with existing methods for MCS computation 2, 6 , we extend the analysis to the gene level and determine gMCSs. It is important to emphasize that the subset of genes associated with the reactions involved in a particular MCS, determined using Gene-Protein-Reaction (GPR) rules, does not necessarily constitute a minimal knockout strategy. This is due to the fact that GPR rules are not always trivial (one-to-one association) and may involve complex relationships. In Recon2.v04 (ref. 7) , for instance, this is the case for 88% of genes included. For illustration, assume that we are concerned in finding gMCSs involving g 2 for the toy metabolic network in Supplementary Figure 1a in a slightly more complex GPR rules scenario ( Supplementary Fig. 1e ). In this case, g 2 is only related to r 2 , which can be catalyzed by one additional enzyme encoded by g 3 ; the rest of reactions are catalyzed by only one enzyme. In order to delete r 2 (the only potential effect over the network of knocking out g 2 ), we need to suppress g 2 and g 3 simultaneously and, when this is achieved, r 3 is indirectly deleted. As g 2 is necessarily coupled to g 3 to have any effect and they form a synthetic lethal, the knockout of g 4 , g 5 or g 6 is not necessary any more to disrupt r 8 . 
Subject to:
, where H and L represents the subset of highly and lowly expressed reactions, 1) Solve the MILP shown above (equations (S1)-(S10)), extract the value of fluxes in the solution found (henceforth denoted as u) and include non-zero fluxes in the output reconstruction. These active reactions must be part of the reconstruction since no better objective value can be found and, therefore, if they are knocked out, the objective value will be less or equal than the current one.
2) Evaluate whether other reactions without expression data available (set E),
currently not part in the reconstruction, can be included. To that end, we force the fluxes in the same direction found as in the previous solution (u), force to zero fluxes in H and L inactive in the previous solution and maximizes the number of reactions in E, which leads to the following MILP:
(S12) (S13) (S14) (S15) (S16) (S17) (S18) mitochondrial reactions for this conversion. However, their GPR rules are flawed. They are defined as (RRM1 and RRM2) or (RRM2B), when it should read (RRM1) and (RRM2 or RRM2B). The GPR rules for these reactions were corrected accordingly.
Recon2.v04 includes 4 additional cytosolic reactions associated with human RNR.
These reactions convert ribonucleoside triphosphates into their corresponding deoxyribonucleoside triphosphates. These reactions, however, are not annotated in the literature to the human RNR 9 . In fact, these reactions are annotated in KEGG 10 
Notice that, for example, r 3 can only be inactivated when knocking out g 1 and g 2 simultaneously, but either single deletion of these genes does not affect to the aforementioned reaction. However, just the contrary happens with {g 1 , g 4 }, {g 2 , g 4 }, [ ]
The naïve approach considered above which calculates all the possible combinations of genes in L is not computationally tractable. Note that all combinations containing g 3 have not been included because it is not lowly expressed. As a consequence, following this method we obtain the same G matrix in a more straightforward way.
The G matrix is used in our algorithm to define the potential list of reaction knockouts arising from the combination of genes in L (see equation (4) To decide whether a gene is expressed, we used the standard threshold provided by the Gene Expression Barcode algorithm 3.0. 
